Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 410 345 A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 90114073.1 
(g) Date of filing: 23.07.90 



© Int. Ci.S: F16H 61/02, //F16H59:04 



® Priority: 24.07.89 JP 190878/89 


0 Applicant; ICABUSHIKI KAISHA ZEXEL 


6-7 Shibuya 3-cliome 


@ Date of publication of application: 


Shibuya-ku, Tokyo(JP) 


30.01.91 Bulletin 91/05 


@ Inventor: Otsuka, Masuhiro, c/o KabushikI 




@ Designated Contracting States: 


Kaisha ZEXEL 


DE QB 


Higasfiimatsuyama Factory 13-26 Yakuciio 




O'wl lUI lie? 




Higashimatsuyama-slnl, Saitama-ken(JP) 




Inventor: Kono, Hiromi, c/o KabushikI Kaisha 




ZEXEL 




Higashimatsuyama Factory 13-26 Yakucho 




3-chome 




Higashlmatsuyama-shi, Saltaina-ken(JP) 




Inventor: Satoh, Yuji, c/o Kabushlld Kaisha 




ZEXEL 




IHIgashimatsuyanna Factory 13-26 Yakucho 




3-chome 




IHigashlmatsuyama-shi, Saitama-ken(JP) 




@ Representative: Goddar, Heinz J., Dr. et al 




FORRESTER & BOEHMERT 




Widenmayerstrasse 4/i4/l 




D-8000 IVIunchen 22(DE) 



(§) Automatic transmission. 



CNI 
< 

Ifl 
CO 



Q. 

LU 



@ An automatic transmission includes a transmis- 
sion; a driving unit for driving the transmission; a 
gearshift map having a gearshift characteristic preset 
according to a relationship between a vehicle speed 
and a throttle opening; a gear position selector for 
selecting a gear position of the transmission accord- 
ing to the gearshift characteristic and controlling the 
driving unit to perform a shift-up or shift-down opera- 
tion; a shift period detector for finding whether a 
present shift operation according to the gearshift 
map is not in the same direction as a previous shift 
operation but within a predetermin d period of time; 
and a shift inhl biter responsive to an output of the 
shift period detector to control the gear position 
selector for Inhibiting a shift operation according to 
the gearshift map If the shift operation is not in the 



same direction as the previous shift operation within 
the predetermined period of time. 
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AUTOMATIC TRANSMISSION 



Background of the Invention 



Held of the Invention 

The present invention relates to automatic 
transmissions which are controlled based on the 
vehicle speed and the throttle opening. 



Description of the Prior Art 

Rg. 3 shows a conventional automatic trans- 
mission which includes a well-known parallel axis 
gear transmission 1 and an actuator 2 which con- 
sists of a select actuator 2a and a shift actuator 2b 
for controlling the transmission 1. The respective 
actuators 2a and 2b are driven by a hydraulic drive 
system 3 which consists of a tanl< 3a, a pump 3b, 
an accumulator 3c, and a hydraulic pressure 
switching electromagnetic valve (not shown) so that 
the piston rods 2c and 2d control the drive gear of 
the transmission 1. The actuator 2 is controlled by 
a drive unit (DAJ) 2e, which in turn is controlled by 
a main control unit 4. Potentiometers 2f and 2g are 
provided to detect the positions of the piston rods 
2c and 2d, respectively, to perform a feedback 
control so that the actual position signals from the 
potentiometers 2f and 2g agree with the target 
position signal M from the main control unit 4. 
Thus, the gear Is shifted from the neutral position 
"N" 5g to one of the following positions: the first 
gear position "1" 5a, the second gear position "2" 
5b, the third gear position 5c, the automatic drive 
positions "D*" 5d and "Ds" 5e, and the reverse 
position "R" 5f as shown in Fig. 2. The automatic 
drive positions 5d and Se provide automatic gear 
shift in the range between the first and fourth gears 
and between the second and fifth gears, respec- 
tively. 

A clutch 6 is interlocked with the piston rod 7a 
of an actuator 7 for connection and disconnection. 
A hydraulic pressure is supplied to the clutch ac- 
tuator 7 from the hydraulic drive system 3 to make 
a control by a drive unit 7b so that the position of a 
piston rod 7a detected by the a potentiometer 7c 
agrees with the target position signal F from the 
main control unit 4, The drive unit 7b is controlled 
by the main control unit 4. An engine 8 Is provided 
with a control unit 9 which is controlled by the main 
control unit 4. Th rotation of the engine 8 is 
transmitted to the axile 10 via the clutch 6 and tiie 
transmission 1. 

The main control unit 4 receives respective 



signals from an accel rator opening detector 11, a 
brake pedal detector 12, a key switch 13, an x- 
haust brake switch 14, and a selector 15 and a rpm 
output signal W from a vehicle speed detector 22 
5 which mounted on an output shaft la to control tiie 
drive units 2e and 7b, the control unit 9, a display 
panel 16. and a control unit 17a for a gear position 
display panel 17. 

The main control unit 4 multiplies the rpm 

TO output signal W from the vehicle speed detector 22 
by a constant « which consists of the radius r of 
wheels 23 and the gear ratio of a differential gear 
24 to provide a vehicle speed V on an instrument 
panel (not shown) along with the engine rpm and 

75 the fuel volume. Consequently, the main control 
unit 4 controls the clutch 6 and the transmission 1 
according to the throttle opening S linked to the 
accelerator pedal, the vehicle speed V, and the 
shift position of a selector 16. The gear position is 

20 shifted to one of the shift positions 5a-5f from the 
neutral position 5g as shown in Rg. 4. 

The main control unit 4 has an automatic shift 
unit 30 for performing an automatic shift operation 
based on the vehicle speed and the engine load as 

25 described in Japanese Patent Application Kokai 
No. 59-1855. The automatic shift control 30 in- 
cludes first and second gearshift maps 30a and 
30b having gearshift characteristics N which have 
been preset based on the relationship between the 

30 vehicle speed V (= the rpm WX the constant a) 
and the throttte opening S (linked to the accelerator 
pedal), and a gear position selector 30c for select- 
ing a gear position of tiie transmission 1 based on 
the gear shift characteristics N of the first and 

35 second gear shift maps 30a and 30b to control the 
actuator 2 for providing an automatic shift up or 
down. 

When the selector 15 is set in the automatic 
drive position "D4" 5d or "Ds" 5e, the gear position 

40 selector 30c conti-ols the transmission 1 for auto- 
matic gear shift based on the first or the second 
gear shift map 30a or 30b. That is, automatic 
gearshift is made in the range between the first and 
fourth gears at the automatic drive position 5d and 

45 between the second and fiftii gears at the auto- 
matic drive position 5e. The automatic shift unit 30 
inhibits another gear shift for a predetermined pe- 
riod of time after the gear shift to prevent uncom- 
fortable successive g ar shifts, 

50 However, when tiie accelerator is stepped on 

all the way for high acceleration, with the transmis- 
sion 1 at the third gear position (at a point A in the 
gearshift map 30a of Fig, 5), the automatic shift 
unit 30 moves to a point B but cannot go to a point 
C (from the second gear to the first gear) for the 
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predetermined period of time, thus falling to pro- 
vide satisfactory acceleration. 

Japanese Patent Application Kokoku No. 62- 
12050 discloses an automatic transmission which 
includes a sensor for detecting the rate of changes 
in stepping on the accelerator so that no gear shift 
is made when the rate of changes is greater than a 
predetenmined level. With this automatic transmis- 
sion, when the rate of changes becomes lower than 
the predetermined level, gear-shift is made from 
the point A to the point C; that is. from the third 
gear to the first gear to not only provide satisfac- 
tory acceleration but also prevent uncomfortable 
successive gear shifts. 

However, individual drivers have different 
senses of feedback from the accelerator pedal 
upon acceleration or deceleration so that it is dif- 
ficult to match the drivers' sense of feedback with 
the rate of changes in stepping on the accelerator. 
In addition, when the rate of changes is large, no 
gear shift is made so that there is a delay in 
acceleration. When the accelerator is subjected to 
frequent press and release cycles on a steep 
mountain road, for example, uncomfortable succes- 
sive gear shifts take place. 



Summary of the Invention 



Accordingly, it is an object of the invention to 
provide an automatic transmission which is able to 
provide satisfactory acceleration and deceleration 
without uncomfortable successive gear shifts. 

According to the invention there is provided an 
automatic transmission which includes a transmis- 
sion; a drive unit for driving the transmission; a 
gearshift map having a gearshift characteristic 
preset according to a relationship between a ve- 
hicle speed and a throttle opening; a gear position 
selector for selecting a gear position of the trans- 
mission according to the gearshift characteristic 
and controlling the driving means to perform a 
shift-up or shift-down operation; a shift period de- 
tector for finding whether a present shift operation 
according to the gearshift map is not in the same 
direction as a previous shift operation but within a 
predetermined period of time; a shift inhibitor re- 
sponsive to an output of the shift period detector to 
control the gear position selector for inhibiting a 
shift operation according to the gearshift map if the 
shift operation is not in the same direction as the 
previous shift operation within the predetermined 
period of time. 

The automatic transmission according to the 
invention includes a shift period detector for finding 
whether a shift operation is not in the same direc- 
tion as the previous one but within a predetermined 



period of time and a shift inhibitor responsive to an 
output of the shift period detector to control the 
gear position selector for inhibiting the shift opera- 
tion according to the gearshift map if the shift 

5 operation is not in the same direction as the pre- 
vious one, such as from shift-up to shift-down or 
from shift-down to shift-up, but within the predeter- 
mined period of time while permitting the shift 
operation according to the gearshift map if it is a 

10 shift operation in the same direction, such as from 
shift-up to shift-up or from shift-down to shift-down. 

The above and other objects, features, and 
advantages of the invention will become more ap- 
parent from the following description when taken in 

16 conjunction with the accompanying drawings. 



Brief Description of the Drawings 

20 

Rg. 1 is a schematic diagram of an automatic 
transmission according to an embodiment of the 
invention; 

Fig. 2 is a flow chart useful for explaining how 
25 the automatic transmission of Fig, 1 works; 

Rg. 3 is a schematic diagram of a conventional 
automatic transmission; 

Rg. 4 is a plan view showing the gear positions 
of the conventional automatic transmission; and 
30 Fig. 5 is a graph showing a gearshift map. 

Description of the Preferred Embodiment 

35 In Figs. 1 and 2, like reference numerals de- 

note like or corresponding parts or components of 
Rgs. 3 and 5 and, therefore, their description will 
be omitted. An automatic gearshift unit 30 includes 
a first gearshift map 30a; a second gearshift map 
40 30b; a gear position selector 30c; a shift period 
detector 31 for finding whether a shift operation 
according to the first gearshift map 30a or second 
gearshift map 30b is made in the same direction as 
the previous one, such as from shift-up to shift-up 
45 or from shift-down to shift-down, in a predeter- 
mined period of time; and a shift inhibitor 32 re- 
sponsive to an output of the shift period detector 
31 to control the gear position selector 30c for 
inhibiting a shift operation according to the gear- 
so shift map 30a or 30b in the direction opposite to 
the previous shift, such as from shift-up to shift- 
down or from shift-down to shift-up. In a predeter- 
mined period of time. The shift period detector 31 
includes a shift-up timer 31a operative at the time 
55 of a shift-up operation and a shift-down timer 31b 
operative at the time of a shift-down operation. 

The operation of the automatic gearshift unit 30 
will be described with ref rence to Fig. 2. When 
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the selector 15 is at the automatic drive position 
5d, the optimal gear position is calculated from the 
vehicle speed V and the throttle opening S accord- 
ing to the gearshift map 30a (Step S1). The cal- 
culated optimal gear position (present shift) Is com- 
pared with the previous gear position (Step S2). If 
they are identical, no gearshift is made. 

If they are different, on the other hand, the 
present shift is checked to determine whether it is 
shift-up or shift-down (Step S3). If It is shift-up. 
whether the previous shift operation is shift-up or. if 
it is shift-down, the shift-down timer 31b is checlced 
(Step S4). if the shift-down timer 31b reads zero; 
i.e.. a predetermined time has passed from the 
previous shift-down operation, the shift-up timer 
31 a is set (Step S5) and the shift-down timer 31 b is 
reset (Step S6). 

if the present shift operation is found to be 
shift-down at Step 3, whether the previous shift 
operation is shift-down, or whether the shift-up tim- 
er 31a reads zero: i.e., a predetermined time has 
passed from the previous shift-up operation, is 
checked (Step S7). If the predetermined time has 
passed, the shift-down timer 31b is set (Step 8) 
and the shift-up timer 31a is reset (Step S9). When 
both of the timers 31a and 31b are set, the present 
gear position is taken as a target gear position 
(Step 10) and stored as a previous position (Step 
11). 

If the present shift operation is different from 
the previous one, such as from shift-up to shift- 
down or from shift-down to shift-up, and neither the 
timer 31a nor 31b has passed the predetermined 
time, the shift inhibitor 32 inhibits the shift opera- 
tion. Consequentiy, neither the target gear position 
nor the previous gear position Is changed. 

Then, the timers 31a and 31b are subjected to 
subtraction (Step SI 2) and control the actuator 2 to 
move the gear to the target gear position if the 
target gear position is different from the previous 
one (Step SI 3). 

When a shift-down follows another shift-down 
operation; e.g.. the target gear position is shifted 
from the point A to the point B and then from the 
point B to the point C as shown In the gearshift 
map 30a of Rg. 5. a shift from the point B to the 
point C is Inputted to the gear position selector 30c 
before a shift from the point A to the point B is 
made (the third gear to the second gear) because 
of the same shift operation. However, the shift 
inhibiter 32 inhibits a shift to the second gear so 
that a shift from the third gear to the first gear is 
made to not only provide a satisfactory accelera- 
tion but also prevent uncomfortable successive 
shift operations. 

When a shift is made from shift-down to shift- 
up such as from the point A to the point B and then 
to the point A again, no shift from the point B to the 



point A (shift-up) is made if the shift is within a 
predetermined period of time b cause of different 
shift op rations. That is, only a shift-down is made 
so that no successive shifts are made on a moun- 
5 tain road where the acceleration pedal is stepped 
on or off frequentiy, thereby preventing uncomfort- 
able driving conditions. In addition, the above op- 
eration is decided based on the gearshift indepen- 
dent of the acceleration so that there is little or no 

70 delay in the shift operation, thereby providing an 
optimal driving control. 

As has been described above, the automatic 
transmission according to the invention includes 
the shift period detector for finding whetiier the 

76 present shift operation according to the gearshift 
map is not in the same direction as the previous 
shift operation but within a predetermined period of 
time and the shift inhibiter responsive to an output 
of the shift period detector to control the gear 

20 position selector for inhibiting the shift operation 
according to the gearshift map if the shift operation 
is found to be not in the same direction within the 
predetermined period of time so that not only sat- 
isfactory acceleration or deceleration is obtained 

25 but also uncomfortable successive gearshifts are 
prevented, thus making tiie automatic transmission 
more adaptable to various driving conditions. 

The features disclosed in the foregoing de- 
scription in the claims and/or in the accompanying 

30 drawings may. both separately and in any com- 
bination thereof, be material for realising the inven- 
tion in diverse forms thereof. 



35 Claims 

1. An automatic transmission comprising: 
a transmission; 

a driving unit for driving said transmission; 

40 a gearshift map having a gearshift characteristic 
preset according to a relationship between a ve- 
hicle speed and a throttle opening; 
a gear position selector for selecting a gear posi- 
tion of said transmission according to said gearshift 

45 characteristic and controlling said driving unit to 
perform a shift-up or shift-down operation; 
a shift period detector for finding whether a present 
shift operation according to said gearshift map is 
not in the same direction as a previous shift opera- 

60 tion but within a predetermined period of time; and 
a shift inhibiter responsive to an output of said shift 
period detector to control said gear position selec- 
tor for inhibiting a shift operation according to said 
gearshift map if said shift operation is not in tiie 

56 same direction as said previous shift operation 
within said predetermined period of time. 
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FIG. 4 PRIOR ART 
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